Objectives: The goals of this study were to examine the feasibility of using ontologybased text mining with CaringBridge social media journal entries in order to understand journal content from a whole-person perspective. Specific aims were to describe Omaha System problem concept frequencies in the journal entries over a four-step process overall, and relative to Omaha System Domains; and to examine the four step method including the use of standardized terms and related words. Design: Ontology-based retrospective observational feasibility study using text mining methods. Sample: A corpus of social media text consisting of 13,757,900 CaringBridge journal entries from June 2006 to June 2016. Measures: The Omaha System terms, including problems and signs/symptoms, were used as the foundational lexicon for this study. Development of an extended lexicon with related words for each problem concept expanded the semantics-powered data analytics approach to reflect consumer word choices. Results: All Omaha System problem concepts were identified in the journal entries, with consistent representation across domains. The approach was most successful when common words were used to represent clinical terms. Preliminary validation of journal examples showed appropriate representation of the problem concepts. Conclusions: This is the first study to evaluate the feasibility of using an interface terminology and ontology (the Omaha System) as a text mining information model. Further research is needed to systematically validate these findings, refine the process as needed to advance the study of CaringBridge content, and extend the use of this method to other consumer-generated journal entries and terminologies.
introduction Social network technologies are mainstream communication tools for social support and information sharing. Numerous studies have shown that virtual support networks are valuable tools for those suffering from chronic conditions or life-threating illness and their caregivers [1] [2] [3] . There is a need for health care clinicians and researchers to understand content within social networks to aid in understanding consumers' perspectives during a health crisis [4] . CaringBridge is a web-based social network used widely for social support, often during a health crisis that specifically promotes wellbeing within the context of a caring community [5, 6] .
Text mining for understanding content of CaringBridge journals
Text mining is a potential strategy for understanding content within compassionate technologies and social network communities. However, the extraction and analysis of large volumes of narrative text poses significant challenges. Because of the variability and complexities of language, the data cannot be analyzed using traditional statistical algorithms [7] .
Text mining methods
The healthcare domain has seen an explosion in applications of text mining to inform numerous health, business, and social research agendas [1] [2] [3] [4] [5] [8] [9] [10] [11] [12] [13] [14] [15] [16] . For example, Wen et al. [14] showed that social support networks contain rich data, and data mining approaches used to study quantitative approaches can be used to study cancer support communities. Semantic-powered approaches rely on existing domain knowledge and have been widely used in linguistic research and health informatics research [15, 16] . However, semantic-powered approaches have not previously been applied to social media text corpora using a standardized interface terminology.
Interface terminologies as domain knowledge models
Among the tools used for health care knowledge representation, interface terminologies are designed for use at the human-computer interface [17, 18] . Because interface terminologies describe health and social needs and interventions, we were interested in exploring the application of an interface terminology to journal entries in social media as a potentially useful perspective for text mining in social media data. There are 12 standardized terminologies recognized by the American Nurses Association [17] . Of these, the Omaha System was designed to be suitable for use across disciplines (including use with consumers). It is a psychometrically sound instrument and comprehensive, holistic ontology for health that is particularly well-suited to use in ontology-based text mining because of its robust taxonomic, hierarchical, multi-axial structure [18] [19] [20] [21] . The Omaha System classifies health as a comprehensive whole using 42 concepts (called problems) in four domains: Environmental (4 concepts), Psychosocial (12) , Physiological (18) , and Health-related Behaviours (8), (Chart 1).
The purpose of this study was to examine the feasibility of using an ontology-based structured text mining approach based on the Omaha System with CaringBridge social media journal text data. The long term goals of our research are to discover meaning within clinicallyrelevant text. For example, we seek to discover patterns that may suggest intervention approaches, and to understand outcomes such as those that may be expressed in CaringBridge journal entries. Specific aims were to describe Omaha System problem concept frequencies in the journals over the four-step process overall in order to evaluate the feasibility of using the Omaha System at each step; evaluate the results relative to the four Omaha System Domains; and to examine the content of the Caring Bridge corpus across all 42 problem concepts.
Materials and methods

Setting
This feasibility study was conducted using de-identified CaringBridge journal entries in accordance with CaringBridge privacy policies and with permission of the CaringBridge leadership; and was deemed exempt from IRB review by the University Institutional Review Board. Established in 1997, CaringBridge is a web-based social network serving over 500,000 people daily and over 43 million people annually in over 230 countries. Within the CaringBridge social media platform, personal, protected websites are created by individuals or their caregivers to share information and photos about their health journey and provide updates to a community of friends who are able to offer support and encouragement. CaringBridge is a 501(c) (3) non-profit organization whose overall objective is to use technology to enhance social connectedness, and bring people together to help overcome the isolation that comes with illness. The majority of CaringBridge sites are created for people with serious and life threatening illnesses. The interdisciplinary research team (CaringBridge Research Collaborative) is comprised of scientists and graduate students from the University. The data were stored in the University's secure Supercomputing Institute.
Study design and sample
This retrospective, observational text mining study reused archival CaringBridge data (June 1, 2005-June 3, 2016) that was de-identified prior to transferring and storage within the Supercomputing Institute. There were 13,757,900 journal entries in the corpus.
Text mining methods
The semantics-powered text mining approach developed for this study is described below. While similar approaches 
Data preprocessing
We preprocessed the corpus using standard preprocessing methods [22] . First excess whitespace and non-text characters were removed. Next, hyphenated words and words combined with numbers were split, and contractions were expanded. Finally, we used part-of-speech tagging and the Wordnet Lemmatizer to standardize words to their simplest form (e.g. "resting", "rested", and "rest" are all transformed to "rest").
Steps in the text mining process
The text retrieval and query expansion steps were repeated for the 42 Omaha System problem concepts using Python 2.7.
• Step 1: For each term or stem of the problem concept, look for problem terms and stems in the entire corpus. Each journal containing a term or stem was retrieved and tagged.
• Step 2: Journal entries containing the terms and stems for the same problem concept were tagged for the respective problem concept name.
• Step 3: From the remaining corpus, journals with additional problem-specific signs/symptom terms and stems were retrieved and tagged.
• Step 4: From the remaining corpus, journals with problem-specific related words were retrieved and tagged.
Chart 1 -numbers of journal entries, related words, and fold increases for Omaha System problem concepts by domain
Journal entry validation Selected sentences were abstracted to illustrate journal content labelled with Omaha System problem concepts based on the text mining approach. These labels were evaluated by content experts (authors) for face validity.
Data analysis
Standard descriptive and inferential statistics were employed to evaluate problem concept frequencies in the journals over the four-step process overall, and after step 4, relative to Omaha System Domains.
results
The overall results are depicted in Fig. 1 . A detailed example of the semantic-powered text mining multi-step process is provided for the problem concept of Sleep and Rest Patterns, defined as "Periods of suspended motor and sensory activity and periods of inactivity, repose, or mental calm" [18] . For the Sleep and rest problem there are eight signs/symptoms: "sleep/rest pattern disrupts family, frequently wakes during night, sleepwalking, insomnia, nightmares, insufficient sleep/rest for age/physical condition, sleep apnea, and snoring" [18] . In step 1, the terms and stems at the problem level were Sleep (2,275,504), Rest (2,685,494). In step 2, the two term combination using the conjunction "or": i.e. Sleep or Rest (4,251,293). In step 3, signs/symptoms terms and stems were awake during night, or sleepwalk, or insomnia, or nightmare, or snoring; combined with Sleep or Rest (4,280,625). In step 4, the results of step 3 were combined with the related words repose, or snore, or awake at night, or awake all night, or up all night, or nap, or doze, or shut eye, or shuteye (4,599,111).
Feasibility of using the Omaha System
Aim 1 was to describe Omaha System problem concept frequencies in the journals over the four-step process overall, and relative to Omaha System Domains. In step 1, stems (N = 54) for all Omaha System problem concepts were present in journal entries. Frequencies of the stems ranged from 336 (Role change) to 2,685,494 (Rest). In step 2, combining the 54 stems into 42 problems resulted in the reordering of problem concepts, and a new maximum of 4,251,293 journals for the Sleep and rest patterns problem concept. At this stage, each problem concept was found on average in 1.86% of journals. In step 3, terms and stems derived from signs/symptoms and definitions were added, showing incremental increases across all steps for most problems. A larger increase occurred in step 4, after adding related words derived from consumer versions of the Omaha System, clinical and terminology expertise, and internet searches, resulting in <1% increase (Abuse) to 1548-fold increase (Spirituality).
After step 4, the Omaha System problem concepts with the highest frequency were Communicable/infectious condition, Spirituality, and Neuro-musculo-skeletal function, all found in more than 5.8 million journals (more than 42% of journals); followed by Sleep and rest patterns and Residence, found in more than 4.2 million journals (more than 31% of journals). Of the 42 Omaha System problem concepts, 21 (50%) were found in one million or more journals. On average, any problem concept may be found in 11 (Fig 1) . On average, problem concept counts did not differ in the number of journals per problem by domain, ranging from 7.87% (Psychosocial) to 13.32% (Physiological). We also tested differences by domain in the number of journals per problem concept at step 2, percentage increase from step 2 to step 4, and number of related words. The one-way ANOVA showed no significant difference between domains overall (step 1 p = 0.324, step 2 p = 0.740, step 3 p = 0.592, step 4 p = 0.394), nor was there significant heterogeneity (Tukey post hoc analysis, step 1 p = 0.375, step 2 p = 0.849, step 3 p = 0.772, step 4 p = 0.637).
Number of related words
Aim 2 was to examine the use of standardized problem terms and stems, signs/symptoms terms and stems, and related words in the CaringBridge corpus. We tested the relationship between the counts of related words added to the 42 terms/stems to determine whether more related words contributed to larger increases. The average number of related words was 20.3 (range = 3-71; SD = 12.9). The analysis showed that problem concept-specific word count was not correlated with the size of the increase in total number of journals (Pearson's correlation = 0.061; p = 0.699).
Preliminary validation of Omaha System concepts within journal entries was conducted through review of randomly selected journals. Examples of Journal entries with Problem Concepts Labels in brackets are provided below.
• "He is experiencing a little more nausea [Digestion-
hydration] feeling and more diarrhoea [Bowel function]. But those things don't bring the same concern level as his heart 
Discussion
This study examined the feasibility of using an ontologybased text mining approach with CaringBridge social media journal entries using the Omaha System. All Omaha System problem concepts were identified in the corpus of CaringBridge author journal entries using Omaha System terms. Adding related words to the original terms increased the success of the approach and changed relative frequencies of the distribution. Examples of journals show appropriate representation of the problem concepts. This is the first known study using the Omaha System interface terminology for semantics-powered data analytics in social media data. Further research is needed to systematically validate these findings and refine the process as needed to advance the study of CaringBridge content, and extend the use of this method to other consumer-and cliniciangenerated narratives. The findings of Aim 1, describing Omaha System problem concept frequencies in the journals over the fourstep process, showed that Omaha System terms were found frequently in CaringBridge journals. This aligns with the intent of the Omaha System from its inception to serve a simple, consumer-informed, multidisciplinary terminology [18] . Consistent with our previous research, the challenge of understanding the whole person perspective within the journal entries was facilitated by the comprehensive, holistic structure of the four Omaha System Domains [18] [19] [20] . Relative to Omaha System Domains, the finding that there was no significant difference between or among the domains is consistent with the multi-domain notion of health from a consumer perspective, as may be anticipated in social media narratives [18] [19] [20] . In other words, we may assume that all domains are equally important for the expression of content important to CaringBridge journal authors. This supports the use of the Omaha System as a tool to examine CaringBridge journal meaning and furthermore that CaringBridge journal data may be useful to critique the completeness of the Omaha System from the consumer perspective.
The findings of Aim 2, examining the use of standardized problem terms and stems, signs/symptoms terms and stems, and related words in the CaringBridge corpus, showed that while standardized terms incrementally improved the identification of Omaha System concepts in CaringBridge journals, the related words added in step 4 were a key to identifying the extent to which Omaha System concepts were present. This finding highlights the challenges of using standardized terminologies as the basis for consumer-generated text, and emphasizes the importance of creating a robust lexicon of related words for a standardized term. The fact that step 4 findings differed greatly from step 1 findings highlights the limitations of semantics-powered text mining using standardized terms only. Use of a standardized terminology for text mining may be considerably more challenging in social media data than in a corpus of clinician-generated text. The success of this approach with social media text lies in the identification of related words that accurately capture the meaning of each standardized term.
The finding that more problem concept-related words were not associated with a larger increase in number of journals expressing the concept is surprising, given the abundance of ways in which a single concept may be expressed using natural language. Rather, commonly employed simple words appear to be more important in the text mining approach than many more complicated and granular terms. Further research is needed to identify such words for concepts of interest. In alignment with the Omaha System public domain policy, the complete list of problem concept terms and related words will be made available in the public domain to enable translation between text and structured data, and further research using this robust information model [18] . Next steps include the refinement of the problem-concept lexicon, and the evaluation of Omaha System intervention concept terms.
The finding of the preliminary problem concept validation within journals was promising. Overall the exemplar journal entries showed that appropriate representation of the problem concepts using the ontology-based method was successful. Exceptions include the word "distrust", which was used to identify the Interpersonal relationship problem concept, and which may or may not fit the overall intent of the CaringBridge author in the sentence. Likewise, the use of the word "environment" to identify the Neighbourhood/workplace safety problem concept may be tangential but related. In the final example, the word "pain" may have been used to express psychological pain and therefore would be more appropriate for the psychosocial mental health problem concept, rather than the physiological Pain problem concept. Further refinement of the set of related words for each concept will continue as part of the validation of these findings. Nevertheless, these brief examples reveal multiple problem concepts in short excerpts from journal entries, and highlight the richness of the content within the journals. The finding that several problems were found within the same journals demonstrates that the Omaha System is a useful information model to aid in interpreting the rich content of CaringBridge journal entries, and is a promising first step towards pattern discovery across like journals. There is potential to label journals meaningfully to enable clustering and comparison of outcome across groups.
Numerous content-related findings contributed to preliminary understanding about concepts addressed by CaringBridge authors. For example, sleep and rest patterns, pain, and medication regimen problem concepts were prominent in the data at step 1 and remained among the most frequent problem concepts throughout all steps. This is consistent with the immediate needs of individuals who are experiencing life threatening crises, life-altering events, or end of life situations; as they often need increased sleep, and are dealing with pain symptoms and the challenges of managing medications [19] . In addition, numerous diseasespecific diagnosis terms and physiological descriptions were identified in the journal entries, as authors reported detailed updates. After further validation, such findings may aid in understanding the range of concepts that are expressed by CaringBridge authors, and may lead to future supportive interventions for CaringBridge users. For example, there is a need to understand the content of social networking in order to make a site such as CaringBridge more valuable to users' and responsive to their needs. Knowing, that sleep and rest are such predominant issues within the CaringBridge community offers CaringBridge the opportunity to develop resources that target this need. Sleep is a very significant issue and the lack of sleep is associated with diminished concentration and ability to manage stress as well as increased morbidity and mortality. A site such as CaringBridge could offer information to users on simple self-care strategies known to be effective such as sleep hygiene measures (go to bed when sleepy, develop sleep rituals, avoid caffeine, alcohol and nicotine 4-6 h before bedtime), mind-body and movement interventions (meditation, yoga and Reiki) and use of natural products [23] . Insomnia related costs range from $30 to $35 billion per year to $92.5 to $107 billion per year [24] . These costs include increased consumption of medical services, increased accident risk and workplace productivity. If even a small number of CaringBridge users benefited from accessing information on the CaringBridge site that led to improved sleep, the financial impact as well as the impact on quality of life would be substantial.
These findings highlight the utility of the ontologybased text mining approach to identify important content, illuminating challenges faced by CaringBridge authors in the context of whole-person health. Findings support the notion that a whole-person perspective results from the use of an ontology-based approach and ensures that important concepts are not overlooked [19, 20] . A compelling finding was noted during preprocessing, when a simple word count revealed numerous author expressions of intense emotions (e.g. "aaaaaaagony"). This and the fact that all Omaha System problem concepts were included in the corpus also demonstrated that the social media platform CaringBridge is perceived by users as a safe site to discuss deeply personal and meaningful details of their lives. Such discoveries should be incorporated into processes designed to analyze sentiment within the journals. Furthermore, the CaringBridge corpus has potential for use in adding to or refining the Omaha System as a consumer-facing terminology.
This first study using the Omaha System as an ontological approach to text mining was promising and establishes a precedent for further study, even while there were several limitations. Simple word counts may be useful for understanding topics addressed within journal entries, but the method does not fully describe the way in which the words were used (e.g. positive or negative sentiment) or for whom (the author or another person) the words were used. This is useful in the sense that we know authors are interested in the concept, and therefore may be interested in further information or other intervention related to that concept. Furthermore, text mining studies are subject to bias due to the need to take words at face value, despite the fact that words are often used idiomatically. Therefore in this study, we did not include some words that represented too much ambiguity: e.g. "see" could relate to Vision or be used in many other idiomatic expressions. In social media narratives, there are many ways to say the same thing, and it is difficult to capture all synonyms and related words. Moreover, this study did not address negation: e.g. the search for "pain" would also extract instances of "no pain". Despite the taxonomic structure of the Omaha System, brief journals were found to contain numerous inter-related problems, and there may be areas of overlap between some concepts in natural language. It is challenging to classify natural language for these reasons. Finally, as this was an exploratory study, the precision and recall of the text mining approach was not evaluated. All of these limitations should be addressed during future refinements of the approach with attention to excluding words that may be problematic taxonomically or idiomatically, and using words or phrases discovered through formal validation of journal content relative to problem concepts. Even with these limitations, after step 4, over half of the Omaha System problem concepts were found in at least a million journal entries, demonstrating the importance and usefulness of the concepts and the approach. Future studies of clinician-generated notes using this approach will examine the perspectives of clinicians relative to whole-person wellbeing as demonstrated through CaringBridge findings.
Conclusion
This study established preliminary feasibility of using an ontology-based structured text mining approach with
